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(57) Abstract 

A mcdiod of in vitro amplification of nucleic acid using amplification primers, wherein a pair of primers is used comprising 
oligonucleotide sequences sufficiently complementary to a part of the direct repeat sequence of a microorganism belonging to the M, 
tuberculosis complex of microorganisms for hybridization to a Direct Repeat to occur and subsequently elongation of the hybridized primer 
to take place, said primers being such that elongation in the amplification reaction occurs for one primer in the 5* direction and for the 
other primer in the 3' direction. A method of detection of a microorganism belonging to the M, tuberculosis complex of microorganisms 
comprising the above-mentioned amplification method, followed by carrying out a hybridization test in a manner known per se, using 
an oligonucleotide probe being sufficiently homologous to a part of a spacer of the Direct Region of a microorganism belonging to the 
M. tuberculosis complex for hybridization to occur, detecting any hybridized products in a manner known per se. Particular probes are 
also disclosed. A method for differentiating the type of microorganism belonging to the M. tuberculosis complex in a sample, comprising 
carrying out the above-mentioned method of detection, followed by comparison of the hybridization pattern obtained with a reference. 
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DETECTION AND DIFFERENTIATION OF nYCOBACTEmvn TUBERCULOSIS COMPLEX 
BACTERIA BY DIRECT VARIANT REPEAT OLIGOTYPING. 



5 INTRODUCTION 

Tuberculosis is an infectious disease that yearly kills more 
people than any other single infectious disease. The WHO estimates that 
yearly about 10 million people contract tuberculosis and that 3 million 
10 people die from this disease (37). After a long period of slow decrease 
in incidence, tuberculosis is on the increase again in most Western 
countries. Furthermore. the emergence of multidrug-resistant 
tuberculosis strains and the association of tuberculosis and Human 
Immunodeficiency Virus infected individuals are worsening the situation 
15 dramatically (1, 2, ^, 6. 7, 10, 37). 

One of the key factors in the control of tuberculosis is the 
rapid diagnosis of the disease and the identification of the sources of 
infection. /V. tuberculosis strain typing has already proved to be 
extremely useful in outbreak investigations (6, l4. 33) and is being 
applied to a variety of epidemiologic questions in numerous laboratories. 
Traditionally, laboratory diagnosis is done by microscopy, culturing of 
the micro-organism, skin testing and X-ray imaging. Unfortunately, these 
methods are often not sensitive. not specific and are very time- 
consuming, due to the slow growth rate of M. tuberculosis. Therefore, new 
5 techniques like in vitro amplification of n. tuberculosis DNA have been jj 
developed to rapidly detect the micro-organism in clinical specimens 
(1^). The ability to differentiate isolates of M, tuberculosis by DNA 
techniques has revolutionarized the potential to identify the sources of 
infection and to establish main routes of transmission and risk factors 
) for acquiring tuberculosis by infection (1.3-10. 14, i6, 19-22, 25, 26. 
29-36), The use of an effective 'universal typing system will allow 
strains from different geographic areas to be compared and the movement 
of individual strains to be tracked. Such data may provide important 
insights and identify strains with particular problems such as high 
infectivity. high virulency and/or multidrug resistance. Analysis of 
large numbers of isolates may provide answers to long-standing questions 
regarding the efficacy of BCG vaccination and the frequency of 
reactivation versus reinfection. 

Because tuberculosis complex bacteria constitute a 
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genetically remarkably homogenous group of bacteria. repetitive DNA 
elements and transposabie elements, that are associated with genetic 
rearrangements of chromosomal DNA, have been exploited for strain 
differentiation of iV. tiLbevculosis , Two of these are insertion sequences 
5 and the remainder are short repetitive DNA sequences with no known 
function or phenotype. 

The most widely used element for strain differentiation is 
IS6IIO. a 1355 bp insertion sequence, which was initially identified in 
M, tuberculosis (19.30) and subsequently found to be distributed through 
10 all tuberculosis complex bacteria, including Mycobacterium bovis, 

Mycobacterium africanum, microti and bovis BCG (11, l4 . 15). Other 

elements to potentially differentiate M. tuberculosis include the Major 
Polymorphic Tandem Repeat (MPTR) , the Polymorphic GC rich repetitive 
sequence (PGRS) , and the Direct Repeat (DR) sequence {I5. I6. 26). 
^5 Most methods described for strain differentiation of M, 

tuberculosis depend on the so-called Restriction Fragment Length 
Polymorphism (RFLP) observed by the technique of Southern blotting. This 
technique requires the purification of chromosomal DNA from cultured 
tuberculosis bacteria. In addition this method is not suited for 
20 detecting a large number of strains, i.e. strains containing only one 
IS6IIO copy or no XS6IIO copy (35) when XS6IIO fingerprinting is carried 
out as the presence of multiple IS6IIO units is required for RFLP. 
Virtually all /V. bovis BCG strains as well as a number of strains from 
India (35) contain only a single IS copy. Most strains could however be 
25 differentiated by fingerprinting wijj:h the 36-bp direct repeat or the 
polymorphic GC-rich repetitive DNA-element. Less discriminative power was 
obtained with the major polymorphic tandem repeat and the insertion 
element ISIO8I . Furthermore the known techniques of fingerprinting are 
demanding in terms of costs, the technical skills, and the time needed to 
30 perform them successfully (32). Therefore, this way of "DNA 
fingerprinting" cannot be performed on a routine basis in most 
laboratories. 

Although Polymerase Chain Reaction (PCR)-based methods have 
been developed to increase the speed of M. tuberculosis fingerprinting. 
35 the methods still need the purification of DNA from cultured cells and/or 
are technically demanding (12. 13, 23. 2^, 27). 

Groenen et al . (12) describe a method of strain differentiation 
based on the nature of the DNA polymorphism in the DR cluster enabling 
typing of individual M, tuberculosis strains in a single PGR. The 
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described method was based on the genetic variation in the DR region and 
the PCR method used the primers SP2^-R (derived from spacer region 24) 
and IS-L (derived from the IS copy) on the basis of the- previously 
established partial sequence of the DR region in ^. bovis BCG P3 (15)* 
5 ' The sizes of the amplified products range from approximately 300 to 550 
bp. Using this method it was illustrated that M. bovis strain k2 differs 
from bovis PCG P3 in the absence of a discrete DVR. namely DVR 26. 
7^. tuberculosis strains H37Ra and H37Rv differed from the P3 strain in 
the absence of two discrete contiguous DVR's» DVR 25 and DVR 26, The 
10 three remaining tuberculosis isolates 1^30 en 31 differed from 

bovis BCG p3 in the absence of a 262 bp stretch of DNA located directly 
left from the inverted repeat of 1S6110 comprising DVR 27 to DVR 29, 15 
bp of the unique spacer in DVR 26 and l8 bp of the DR in DVR 30. In the 
DVR-PCR method the method of Jeffreys et al, 1991 (17) was modified. In 
15 the Jeffreys et al . method designated as MVR-PCR or digital typing 
advantage is taken of a frequently occuring polymorphism of a single base 
pair in the 29 bp rainisatelite repeat MS32. In the MVR-PCR two primer 
pairs are used each of which allows the amplification of MS32 multimers 
which either have an adenine (A) or a guanine (G) at the 5* terminus. 
20 Separation by electrophoresis of the amplified products allows the 
reading of the sequence of the MVR's containing either an A or G at the 
5' end respectively. In the DVR-PCR method the polymorphism in the DR 
region mainly comprises the presence or absence of DVR ' s which like the 
MS32 minisateLlite are composed of a non-variant part (DR) and a variant 
25 ^art (the spacer sequence). The MVR-PCR method was modified to permit the 
sele«-cive amplification of multimers of DVR's containing either an A . C, 
G or T at the 5* end of the spacer at the junction with the DR. For this 
purpose four primer combinations were prepared to drive the four spacer 
specific PCR*s. Each combination contained the reverse primer IS-L and 
30 either one of the four primers based on the DR sequence. These four 
primers designated DRA-R, DRC-R, DRG-R and DRT-R, respectively contained 
a sequence of 19 residues derived from the conserved DR sequence plus 
either one of the four bases at the 3' terminus. The principle of the 
method is shown in figure 3 of reference 12, Each of the four DVR 
35 specific primers results in a ladder of DVR multimers increasing inside 
from bottom to top. This results in a so-called first spacer residue 
sequence or FSR sequence. 

Despite the excellent differentiation by DVR-PCR of the four 
strains analyzed in (12) the method has a number of disadvantages. The 
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DNA sequence technique in the adapted version as described by Jeffreys et 
al. is technically extremely difficult. Often the ladder cannot be read 
very well and as small fragments amplify better than the larger fragments 
the ladder is often incomplete. Furthermore, the test cannot be carried 
5 out in a routine manner in a simple laboratory such as. for example, a 
hospital laboratory. Therefore, in practical hospital tests 'such a method 
cannot be used. Furthermore, apart from the sequencing problems a 
Southern blot is also required which involves a large amount of work. 
The practical problems associated with Southern blot hybridisation 
10 technique include the relatively complex nature of the method which 
requires multiple steps over a number of days and a lengthy delay from 
isolation of the organism to the DNA typing result, largely because of 
cultivation of the organism in liquid media for DNA extraction. A rapid 
and simple means of strain typing, based on PGR amplification would 
15 circumvent delays in obtaining a typing result and provide a relatively 
simply assay that could be performed in many laboratories. To have 
sufficient genomic DNA for fingerprinting the isolate has to be 
subcultured for 2 to 4 additional weeks after identification. In the 
setting of an outbreak especially one of multidrug-resistant tuberculosis 
20 (MDRTB) rapid identification of stains may enhance control efforts by 
detection and interruption of transmission chains. 

In ref . 2? Ross and Dwyer disclose using the ends of the 
insertion sequence IS6110 as oligonucleotide primers in an attempt to 
amplify DNA between clusters of this element on the genome. This test is 
25 based on the assumption that the insertion sequence IS6llO is present in 
1 to 19 copies on the genome and is located in different sites for 
various strains. They illustrate that the PGR amplification method 
disclosed produced no clear product for the two strains without IS6110 
thereby illustrating the disadvantage of this method. Furthermore, Boss 
30 and Dwyer illustrate in their article that the PGR amplification using 
the ends of the insertion sequence IS6110 resulted in bands of various 
intensities, thereby illustrating the lack of reliability of the results 
of this test. 

In ref. 13 a variant on the RFLP typing using the polymerase 
35 chain reaction with a primer specific for IS66110 is described wherein a 
second primer complementary to a linker ligated to the restricted genomic 
DNA is used. In one strand the linker contains uracil in place of 
thymidine and specific amplification is obtained by elimination of the 
strand with uracil-N-glycosylase . The same disadvantages for this method 
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can be mentioned as for the previous PCR-DVR method. 

In ref . 25 Palittapongarnpim et ai. describe the use of PGR 
using arbitrary primers. In this article it is illustrated that the PGR 
banding patterns of the strains H37Rv and H37Ra are identical. They 
5 illustrated that arbitrarily primed PGR can distinguish strains of 
tuberculosis however the inability of APPCR to distinguish between the 
H37Rv and H37Ra strains demonstrates a limitation of the APPCR for closer 
related strains. 

This invention describes a method to differentiate 
10 microorganisms belonging to the tuberculosis complex by a robust 
method, which is rapid and simple. The method can be performed in a 
laboratory without sophisticated equipment and it can be carried out by 
technicians, who do not have to be trained in sophisticated molecular 
biological techniques. In addition, the method is suitable to 
15 simultaneously detect n. tuberculosis directly in clinical specimens and 
to type the micro-organisms, without the requirement to culture the slow- 
growing bacteria of the H. tuberculosis complex. Finally, in contrast to 
other methods of tuberculosis strain differentiation used sofar, the 
invention allows an easy and robust classification of different DNA 
types, without the need of sophisticated image processing software. 

DETAILED DESCRIPTION OF THE INVENTION 



20 



The invention is based on the DNA polymorphism found at a 
25 unique chromosomal locus, the "Direct Repeat" (DR) region. wh|ch is 
uniquely present in tuberculosis complex bacteria. This locus was 

discovered by Hermans et al . (15) in bovis BCG. the strain used 

worldwide to vaccinate against tuberculosis. The OR region in M, bovis 
BGG consists of directly repeated sequences of 36 base pairs, which are 
interspersed by non-repetitive DNA spacers, each 35 to 4l base pairs in 
length (15), The number of copies of the DR sequence in ff.bovis BCG was 
determined to be ^19. In other strains of the M. tuberculosis complex the 
number of DR elements was found to vary (15). The vast majority of the 
n. tuberculosis strains contain one or more IS6110 elements in the DR 
containing region of the genome. 

The recent study (12) described above showed that the genetic 
diversity in the DR region is generated by differences in the DR copy 
number, suggesting that homologeous recombination between DR sequences 
may be a major driving force for the DR-associated DNA polymorphism (12), 
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The high degree of DNA polymorphism within a relatively small part of the 
chromosome makes this region well-suited for a PCR-based fingerprinting 
technique. 

The invention described below is based on a unique method of in 
5 vitro amplification of DNA sequences within the DR region and the 
hybridisation of the amplified DNA with multiple, short synthetic 
oligomeric DNA sequences based on the sequences of the unique spacer 
DNA's within the DR region (figure 2), This differs from previous PGR 
methods in the use of a set of primers with both primers having multiple 
10 priming sites as opposed to having one of the primers bind to a fixed 
priming site such as to a part of ISSllO. Because M, tubevculosis complex 
strains differ in the presence of these spacer sequences, strains can be 
differentiated by the different hybridisation patterns with a set of 
various spacer DNA sequences. 

15 

PgtermXnflt^pn — qT — ^ — QNA sequence of the complete DR region in ff. 

Figure 1 depicts the structure of the DR region of bovis BCG 
20 as determined previously by Hermans et al . and Groenen et al. (12, 15). 
For the sake of convenience we will designate a DR plus its 3 'adjacent 
spacer sequence as a "Direct Variant Repeat" (DVR), Thus, the DR region 
is composed of a discrete number of DVR's, each consisting of a constant 
part (DR) and a variable part (the spacer). 
25 The sequenced part .jof the DR region in bovis BCG is printed 

in black and it comprises 2l' DVR's. 7 located 5' of the IS6llO element 
and 1^ DVR's 3' of the IS6ll0 element (including the one in which the 
IS6llO element is located). The non-sequenced part is depicted in gray. 

To determine the sequence of more spacers, we sequenced in this 
invention the sequence of the chromosomal region comprising the whole DR 
region of M. tubevculosis H37Rv and also sequences flanking the DR 
region. For this purpose we used cosmid T211 (obtained from Dr. Cole. 
Institut Pasteur, Paris), carrying the whole DR region. This cosmid 
contains an insert of about 35 kb from M, tuberculosis strain H37Rv. A 
physical map was constructed and the stretch containing the DR region was 
localized by Southern blotting. Subclones were prepared and the DNA 
flanking the IS6110 element residing in the DR cluster was sequenced. The 
sequence is given in figure 3 sequence id. no. 1, 

As shown schematically in figure 1, the number of DR's in 
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Strain H37Rv amounts to 41. As previously found in n. bovis BCG. again 
each DR was found to be interspersed by a unique spacer sequence, varying 
in size from 29 to base pairs, the sequence of 13 DVR's of H37Rv are 
identical to 13 DVR's in the previously sequenced homologous chromosomal 
5 region of ^f. bovis BCG (15). The DVR's of H37Hv are numbered from 1 to 
^l. the numbering beginning from 5' terminal DVR. The identical DVR's are 
spacers 12 to 32. 

The subject invention is directed at a method of in vitro 
amplification of nucleic acid using amplification primers in a manner 
10 known per se in amplification reactions such as PGR. LOR or NASBA. 
wherein a pair of primers is used comprising oligonucleotide sequences 
sufficiently complementary to a part of the Direct Repeat sequence of a 
microorganism belonging to the n. tuberculosis complex of microorganisms 
for hybridisation to a Direct Repeat to occur and subsequently elongation 
of the hybridized primer to take place, said primer being such that 
elongation in the amplification reaction occurs for one primer in the 5' 
direction and for the other primer in the 3" direction. Due to the 
multiple presence of Direct Repeats in the microorganisms to be detected 
the use of such primers implies that all the spacer regions will be 
amplified in an efficient manner. In particular it is not necessary for 
extremely long sequences to be produced in order to obtain amplification 
of spacers located at a distance from the primer. With the instant 
selection of the primer pairs a heterogenous product is obtained 
comprising a lot of smaller fragments all comprising spacer region 
2S nucleic acid. Subsequently the detection of the amplified product can 
occur simply by using an oligonucleotide probe directed at one or more of 
the spacer regions one wishes to detect. In order to avoid hindrance in 
the amplification reactions the primers can have oligonucleotide 
sequences complementary to non-overlapping parts of the Direct Repeat 
sequence so that when both primers hybridize to the same Direct Repeat 
and undergo elongation they will not be hindered by each other. In 
particular to avoid any hindrance during elongation reactions when one 
primer DRa is capable of elongation in the 5' direction and the other 
primer DRb is capable of elongation in the 3' direction the DRa is 
selected such that it is complementary to a sequence of the Direct Repeat 
located to the 5' side of the sequence of the Direct Repeat to which DRb 
is complementary. In a method according to the invention the primer used 
must have an oligonucleotide sequence capable of hybridising to the 
consensus sequence of the Direct Repeat in a manner sufficient for 
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amplification to occur under the circumstances oC the particular 
amplification reaction. A person skilled in the art of amplification 
reactions will have no difficulty in determining which length and which 
degree of homology is required for good amplification reactions to occur. 
5 The consensus sequence of the Direct Repeat of microorganisms belonging 
to the ^. irubevculosis complex is given in sequence id* no. 2 and in 
figure 1 . 

The invention is also directed at a method of detection of a 
microorganism belonging to the M. tuberculosis complex of microorganisms. 
10 comprising 

1) amplifying nucleic acid from a sample with the method described above 
in any of the embodiments disclosed, followed by 

2) carrying out a hybridisation test in a manner known per se, wherein 
the aiDplif ication product is hybridised to an oligonucleotide probe or 

^5 a plurality of different oligonucleotide probes, each oligonucleotide 

probe being sufficiently homologous to a part of a spacer of the 
Direct Region of a microorganism belonging to the i*f, tuberculosis 
complex for hybridisation to occur to amplified product if such spacer 
nucleic acid was present in the sample prior to amplification, said 

20 hybridisation step optionally being carried out without prior 

electrophoresis or separation of the amplified product and 

3) detecting any hybridised products in a manner known per se. 

The detection method according to the invention can be carried out in 
a large number of embodiments which will depend on the objective of the 

25 detection method. For example, the method can be carried out by using a 
number of oligonucleotide probes in . tne hybridisation test, said number 
comprising at least a number of oligonucleotide probes specific for the 
total spectrum of microorganisms it is desired to detect. For example, 
one can use oligonucleotide probes of spacer regions known to be present 

30 in all microorganisms belonging to the II. tuberculosis complex. Use of 
one such oligonucleotide probe will suffice to detect whether infection 
with a tuberculosis microorganism has occurred. It is also possible to 
use a combination of oligonucleotide probes specific for certain types of 
ft. tuberculosis complex microorganisms. For example. 13 spacer regions of 

35 the strain tuberculosis H37Rv have been found to be shared with 
?I. bovis BCG. However, a large number of spacers from both types of 
microorganisms differ. It is therefore possible to select specific 
combinations of oligonucleotide probes in order to differentiate between 
the various strains. As the majority of tuberculosis infections are due 
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to infections with macroorganisms from the groups /I. tuhevculosis , 
bovis and afvicanum a method for detection of a microorganism 

according to the invention will preferably be directed at detection of 
the presence of such microorganisms. The spacer sequences of 
tuhevculosis H37Rv and the spacer sequence of the bovis BCG have 
been determined. H. tuberculosis H37Rv comprises 41 spacer sequences and 
the sequences are given elsewhere in the text as sequence id. nos. 3 to 
^3 bovis BCG spacer sequences are described in (15) by Hermans et al. 
In Figure 2 of the cited reference Direct Repeats 24-43 are disclosed for 
bovis BCG strain 44 containing IS987 . The intermediate spacer region 
sequences are also provided in this figure. The sequence data of the 
cited reference have appeared in the EMBL Genbank and DDBJ Nucleotide 
Sequence Databases under the accession number X57835. The spacer regions 
that have been found to be common for tuberculosis H37Rv and n, bovis 
BCG are the spacers 20 to 32 of /»f. tubeculosis H37Rv. 

A method according to the invention as disclosed in any of the 
embodiments above can be carried out using an oligonucleotide probe being 
a sequence complementary to any of the spacer sequences of 
tuberculosis H37Rv or any of the spacer sequences of M. bovis BCG or a 
sequence complementary to fragments or derivatives of said spacer 
sequences, said oligonucleotide probe being capable of hybridising to 
such a spacer sequence and comprising at least seven consecutive 
nucleotides homologous to such a spacer sequence and/or exhibiting at 
least 60% homology, preferably exhibiting at least S0% homology with such 
a spacer sequence and being at least 7 nucleotides long. Ir^j particular if 
one wishes to detect the presence of either tuberculosis H37Rv or 
bovis BCG any of the common spacer sequences can be used for providing 
a suitable oligonucleotide probe for a method according to the invention. 

The invention is also directed at a method for differentiating 
the type of microorganism belonging to the Af. tuberculosis complex in a 
sample, in particular at a method wherein the sample is a clinical 
specimen. The method can be carried out on a sample without the cells 
from the sample having to be cultured for analysis to be carried out. 
Such a method comprises carrying out the detection method according to 
the invention as disclosed above, followed by comparison of the 
hybridisation pattern obtained with a reference. The reference can be the 
hybridisation pattern obtained with one or more strains of microorganism 
belonging to the tuberculosis complex of microorganisms in an 

analogous manner to that of the sample. Another possibility is to examine 
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the result wherein the reference is a source providing a list of spacer 
sequences and sources thereof, such as a data bank. Through predetermined 
analysis of such a data bank and specific selection of oligonucleotide 
probes a differentiating test can be provided specifically suited to the 
5 microorganism strain or strains one wishes to differentiate between. In 
the example illustrating the invention 77 clinical samples were analysed 
using a large number of oligonucleotide probes and an illustration of the 
types of hybridisation patterns that can be expected with a method 
according to the invention is given. Due to the specific nature of the 
10 spacer regions and the specific combination of spacer regions in various 
strains these spacer regions are especially suited for differentiating 
tests. This is why such spacer sequences from the template for designing 
oligonucleotide probes, suitable in a detection method or differentiating 
method according to the invention. The invention is therefore also 
15 directed at oligonucleotide probes of at least 7 nucleotides, preferably 
more than 12 nucleotides, in particular comprising between 12 to 40 
nucleotides ♦ said probe being sufficiently homologous to any of the 
following spacer sequences; spacer sequences 1-23 of n. bovis BCG, spacer 
sequences 4^-49 of n, bovis BCG and spacer regions 1-^3 of H. 
20 tuberculosis H37Rv with the exception of the tuberculosis H37Rv 

sequences common to i^. bovis BCG, i.e. with the exception of any spacer 
regions corresponding to numbers 20-32 of n, bovis BCG. In particular 
Sequence id. No's 3-21 and 35*^3 fall within the scope of the invention. 
The invention is also directed at fragments or derivatives of such spacer 
25 sequences capable o^ hybridising to such a spacer sequence, said 
oligonucleotide probe being at least 7 oligonucleotides long, preferably 
more than 12 nucleotides, in particular comprising between 12 to 40 
nucleotides and comprising at least 7 consecutive nucleotides homologous 
to such a spacer sequence and/or exhibiting at least G0% homology, 
30 preferably exhibiting at least 80% homology, most preferably exhibiting 
more than 90% homology with the corresponding part of the spacer 
sequence. 

The invention is also directed at a carrier comprising oligonucleotide 
probes comprising at least one oligonucleotide probe wherein the 
35 oligonucleotide probe is specific for a spacer region of a microorganism 
of the group belonging to ?t. tuberculosis complex. In particular at a 
carrier comprising an oligonucleotide probe according to the invention as 
disclosed above. 

The invention is also directed at a pair of primers wherein both 
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primers comprise oligonucleotide sequences sufficiently complementary 
to a part of the Direct Repeat sequence of a microorganism belonging to 
the n. tuberculosis complex of microorganisms for hybridisation to occur 
and subsequently elongation of the hybridised primer to take place, said 
primers being such that elongation in the amplification reaction occurs 
for one primer in the 5' direction and for the other primer in the 3' 
direction and wherein sufficiently complementary means said 
oligonucleotide sequence comprises at least seven consecutive nucleotide 
homologous to such a Direct Repeat sequence, in particular the consensus 
sequence of a Direct Repeat (sequence id. no. 2) and/or exhibits at least 
60^ homology, preferably exhibits at least 80% homology, most preferably 
exhibits more than 90% homology with the corresponding part of the direct 
repeat sequence and is at least 7 oligonucleotides long. In particular 
the primer pair DRa and DRb described in the example are a primer pair 
15 suitable for carrying out the invention. A primer pair as disclosed 
comprising one primer DRa capable of elongation in the 5' direction and 
the other primer DRb capable of elongation in the 3' direction with DRa 
being complementary to a sequence of the Direct Repeat located to the 5*' 
side of the sequence of the Direct Repeat to which DRb is complementary. 
20 the Direct Repeat being present in the Direct Region of a microorganism 
belonging to the group of ^. tuberculosis complex fails within the scope 
of the invention. 

A kit for carrying out a method for in vitro amplification of nucleic 
acid using amplification primers in a manner known per se in 
25 amplification reactions such as PCR . LCR or KASBA wherein a pair of 
primers is used comprising oligonucleotide sequences sufficiently 
complementary to a part of the Direct Repeat sequence of a microorganism 
belonging to the ^. tuberculosis complex of microorganisms for 
hybridisation to a Direct Repeat to occur and subsequently elongation of 
30 the hybridised primer to take place, said primers being such that 
elongation in the amplification reaction occurs for one primer in the 5' 
direction and for the other primer in the 3' direction is an embodiment 
of the invention. Such a kit must comprise a suitable primer pair as 
disclosed according to the invention. The kit of the invention can also 
35 be suitable for carrying out a method of detection of a microorganism 
belonging to the n. tuberculosis compleK of microorganisms as described. 
Such a kit comprises a primer pair as disclosed for the amplification 
method and an oligonucleotide sequence as disclosed being sufficiently 
homologous to a spacer sequence of a Direct Region of a microorganism 
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belonging to the M. tuberculosis complex or a carrier comprising such an 
oligonucleotide sequence in any of the embodiment disclosed in the 
description for detection and differentiation. 

5 EXAMPLE 

In vitro amplification of the PR-containing region in clinic al isolates 

The chromosomal DR region of 7^ different clinical isolates of fl. 

10 tuberculosis was amplified by the polymerase chain reaction (PGR), using 
the primer pair DRa (with Sequence id. no. 50) and DRb (with Sequence id. 
no. 5i). As illustrated in figure ^, a reaction product was obtained from 
all strains investigated and the amplified DNA was heterogenous in size. 
This heterogeneity is to be expected, because the primers DRa and DRb can 

15 initiate the PGR at any of the DVR ' s in the DR region. Therefore each of 
the DVR's is expected to be present in the amplified PGR product. A good 
amplification is obtained in particular for the spacer regions at the 
termini of the direct region in contrast to the known PGR amplification 
reaction using nucleic acid of the IS fragment as primer (15 and 3^) . 

20 

H ybric31sat J . PP gf t he amplified D R region to individual spacer sequences 
Of 

The PGR products of the 7^ above-mentioned strains were hybridized to 
25 ^^7 spacer sequences, which were covaiently bound to Biodyne C paper as 
described (l8). Because the PGR produces contained a biotin label, which 
was incorporated during the PGR, hybridizing DNA could be visualized by 
binding of a strepavidin- containing peroxidase conjugate and an enzyme 
assay. The result is shown in figure S. DVR-ampiif ied DNA of all strains 
30 hybridized with at least 9 of the ^7 oligonucleotides. Depending on the 
combination of spacer oligonucleotides hybridizing with the PCR-amplif ied 
DNA. 39 different "DVR types" of H. tuberculosis were distinguished. This 
experiment shows that any i*?. tuberculosis strain can be typed by this 
method. without the need to separate amplified M. tuberculosis DNA by 
35 electrophoresis. The 7^1 strains were also typed by the classical XS6ll0 
fingerprinting method as described (32) and 66 different IS6llO types 
were distinguished. This indicates that the level of strain 
^ differentiation using IS6ll0 fingerprinting is slightly higher compared 
to the method described in this invention. This method will be referred 
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to as "DVR-oligotyping". The method of DVR-oilgotyping is however 
sufficiently specific to discern a large number of strains within a group 
such as ft. bovis BCG and fl. tuberculosis H37Rv and H37Ra. 

5 Specif icit v <? f th e D VR olignrvn ing niAi-hr>r|, 

To determine whether the method of amplification and hybridisation is 
specific for bacteria belonging to the fl. tuberculosis complex, we 
subjected Ho DNA samples originating from a wide variety of mycobacterial 
species and other bacterial genera to the DVR oligotyping method. The 
target DNA's included the following bacterial species: E. coli. 
Bordetella pertassis, Afipia felis, Rochalimea lenselae, flycobacterium 
avium. None of these targets led to a detectable positive hybridization 
reaction with any of the spacer oligonucleotides, hereby illustrating the 
15 specificity of the subject method. 

The sensitivity to detect n. tuberculosis by the above described 
method was tested by carrying out DVR-oligotyping with various amounts of 
chromosomal DNA of strains H37Rv. H. bovis BCG and 2 clinical isolates of 
n. tuberculosis. The sensitivity to detect DNA froni each of these strains 
was at least 64 femtogram (fg) of DNA. 1 fg of chromosomal DNA 
corresponds approximately to the quantity present in a single bacterium 
and it is assumed, the DVR-oligotyping method will |allow the simultaneous 
deteci;ion and typing of DNA derived from a single bacterium. 

Furthermore, clinical sputa samples obtained from Dr. A. Kolk (Royal 
Tropical Institute. Amsterdam) were subjected to DVR-oligotyping. i.e. to 
the detection and differentiation methods according to the invention. All 
culture-positive samples were positive by DVR-oligotyping and the DVR 
type corresponded to the type as determined from purified DNA extracted 
from ff. tuberculosis cultured from the corresponding sputum samples. 

MATERIALS AND METHODS. 

Determination of the DNA sequence of the DR region in H37Rv. 

Cosmid T211. which contains a 35 Kb insert carrying the complete OR 
region of strain H37Rv. was obtained from Dr S. Cole (Institut Pasteur. 
Paris). A physical map of cosmid T211 is shown in figure 6. Mlul 
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25 



30 
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fragments of this cosmid were subcloned into Mlul-cieaved DNA of plasmid 
PUCBM21, resulting in piasmids pPGll, pPGl? and pPG33 ( f i^re 6) . The 
latter 3 piasmids were used to sequence the complete DR containing region 
of strain H37Rv. Sequencing was performed according to the dideoxy chain 
5 termination method of Sanger et al. (28), using a 373A DNA Sequencer 
(Applied Biosystems, Fosre City. Cal . USA) following the protocols 
provided by the manufacturer) . 

Extraction of DNA from mycobacterial cells. 
10 DNA was purified as described previously (33). 

Bacterial strains used in this study. 

Escherichia coli K12 strain DH5a (BRL. Maryland^ USA) was used as a 
host for propagating plasmid paCBM21 and derivatives, li. bovis BCG strain 
15 P3 and fi, tuberculosis H37Rv have been described previously (12. 15). All 
other bacterial strains were clinical isolates, which were sent to the 
RIVM, 

DVR ollgotyping. 

20 In vitro amplification of DNA, 

10 Nanogram of purified H, tuberculosis DNA was added to a mixture 
containing 0.5 unit Super Tth polymerase (HT Biotechnology. Cambridge. 
UK), 5 Ml of lOx concentrated Super Rth buffer (HT biotechnology. 
25 Cambridge, UK),|20 nMol of each dNTP. and 20 pMol of each of the primers 
DRa and DRb. The final volume was adjusted to 50 ul, this mixture was 
subjected to 30 cycles of amplification using the following scheme: 1 
min. 96'C. 1 min. 55*0 and 30 sec. 72'C. 

30 Reverse line blot hybridization. 

Oligonucleotides with a 5* terminal amino group were linked covalently 
to activated Biodyne C membrane (18, 38). The Biodyne C membrane (Pall 
Biosupport. Glen Cove, NY. USA) was activated by incubation for 10 min. 
in 10 ml freshly prepared l6% (w/v) l- ethyl-3-(3- 

35 climethylaminopropyl)carbodiimide. The blot was rinsed with water and 
placed immediately in a minxblotter system (Immunetics, ITK Diagnostics, 
Uithoom. The Netherlands). Each slot of the miniblotter was filled with 
150 Ml of a 0,125 mM oligonucleotide solution in 5OO mM NaHC03. pH 8.4. 
After 1 min. incubation at room temperature. the oligonucleotide 
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solutions were removed by aspiration. The filter was removed from the 
minxblotter, treated with 100 mM NaOH for 10 min, to inactivate the 
membrane and washed in 2 x SSPE (36O mM NaCl, 20 mM NaH^PO^., 2 mM EDTA, pH 
7.2), supplemented with SDS (0,1%) for 5 min. at 5^*C. The filter was 
5 mounted into the miniblotter, in such a way that the slots were 
perpendicular to the line pattern of the applied oligonucleotides. The 
slots of the miniblotter were filled with I50 pi of diluted, heat- 
denatured, biotin-labeled PGR products {20 pi PGR product diluted in 13O 
pi 2 X SSPE, 0.1% SDS) and hybridized for ^3 min at S^^C. after emptying 
10 the slots by aspiration, the filter was washed in 150 ml of 2 x SSPE, 
0,5% SDS for 10 min. at 5^''C and incubated in 10 ml of streptavidin- 
peroxidase conjugate (Boehringer, Mannheim) diluted 1:U000 in 2 x SSPE, 
0.5% SDS) for 30 min. at 42*C. The filter was washed in 150 ml of 2 x 
SSPE, 0.5% SDS for 10 min, at ^2*0 and rinsed briefly at room temperature 
with 150 ml of 2 X SSPE. For chemiluminescent detection of hybridizing 
DNA the filter was incubated in 10 ml ECL detection liquid (Amersham. 's 
Hertogenbosch, The Netherlands) and exposed for one min, to X-ray film 
{Hyperfilm, Amersham) , 



15 
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Legend to figure 1 . 

Structure of the DR region of bovis BCG and tubevcuiosis H37Rv. 
The rectangles depict the 36 bp DR sequences, which are interspersed by 
unique spacers varying 29 to ^1 bp in size. The site of insertion of the 
5 IS6110 element in the DR region is depicted. Part of the DR region of n, 
bovis BCG has been sequenced previously (15) and this part is depicted in 
black. The non-sequenced part is in gray. The whole DR region of H37Rv 
was sequenced as part of the invention. Gaps in the H37Rv sequence 
indicate the absence of DVR's. which are present in H, bovis BCG, 

10 

Legend to f igure 2 . 

Principle of the in vitro amplification of DNA within the DR region of 
M. tuberculosis complex bacteria. The repeating units within the DR 
cluster are the DVR's. Each DVR is composed of a constant 36 base pair 

15 sequence, DR, and a variable part. the spacer (A. B. C and D, 
respectively). Four sequential DVR's are represented as DVR-A. DVR-B» 
DVR-C» and DVR-D. The use of the 2 primers » DRa and DRb (arrows a and b) . 
having sequences based on the DR sequence, for in vitro amplification of 
DNA. will lead to the amplification of any DVR or a stretch composed of a 

20 discrete number of neighbouring DVR's. 

Legend to figure 3« 

Nucleotide sequence of the DR region in n, tuberculosis strain H37Rv 
and the regions flanking the DR region. Sequences homologous to the DR 
25 sequence are underlined, sequences used as oligonucleotides in the assay 
are printed in bold. 

Legend to figure 4. 

Gel electrophoresis of in vitro amplified ^. tuberculosis DNA 
30 amplified by PGR using the primers DRa and DRb. Each lane was loaded with 
one-fifth of the total amount of amplified DNA from different clinical 

tuberculosis isolates. The quantity of DNA used as a target for the 
PGR was 10 nanogram. 

35 Legend to figure 5- 

Hybridisation patterns of the in vitro amplified DVR products of 72 
different tuberculosis isolates and 5 different n. bovis BCG isolates 
with 4l different oligonucleotides. The oligonucleotides used are derived 
from the spacer sequences 1 to ^1 as described in Materials and Methods. 



wo 95/31569 



PCT/NL94/00HO 



10 



17 

The primers Dra and Drb (see figure 2) were used as drivers for the in 

vitro amplification of the DVR's with the DR region. 

The spacer oligonucleotides were covalently bound to a Biodyne C 

filter in a pattern of parallel lines and the hybridization with in vitro 

amplified DVR DNA was done in parallel channels perpendicular to the 
spacer oligonucleotide pattern as described in the materials and methods. 
Strain 1: H37Rv: strain 4l: H37Ra: strains 14-^46: different H. bovis BCG 
isolates: strain 77: m. bovis BCG P3 ; all other strains: clinical 
isolates of tuberculosis. 

Legend to figure 6, 

Restriction map of the insert of cosmid T211, containing the complete 
DR region of H37Rv; localisation of the Mlul fragments subcloned into the 
plasmids pPGiy, pPGll. and pPG33. 
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Oligonucleotldea used for DVR ollgotyplns referring to In the Seque 
Listing 



J 


ni 


No. : Seauence id. 

3 5' 


TTG TAG TGC AAC CCG GAA TTC TTG A 


3 ' 




n9 

Uii 


/t 


5 ' 


ATA GAG GGT CGC CGG TTC TGG ATC A 


3 ' 






c 


5 ' 


CCT CAT AAT TGG GCG ACA GCT TTT G 


3 ' 






o 


5 / 


CCG TGC TTC CAG TGA TCG CCT TCT A 


3 * 






7 


5 ' 


ACG TCA TAC GCC GAC CAA TCA TCA G 


3 ' 


10 




o 
o 


5 ' 


TTT TCT GAC CAC TTG TGC GGG ATT A 


3 ' 






9 


5 ' 


CGT CGT CAT TTC CGG CTT CAA TTT C 


3 ' 




08 


10 


5 ' 


^AO GAG AGC GAG TAC TCG GGG CTG C 


3 ' 




no 


1 1 


5' 


<-Ul GAA ACC GCC CCC AGC CTC GCC G 


3 ' 




1 n 


1 o 


. 5' 


ACr CGG AAT CCC ATG TGC TGA CAG C 


3 ' 




1 1 




5' 


ii-*^ ACA CCC GCT CTA GTT GAC TTC C 


3 ' 




12 




5' 


GTG AGC AAC GGC GGC GGC AAC CTG G 


3 ' 






15 


5' 


AiA ici CiCT GCC CGC CCG GGG AGA T 


3' 






16 


5' 


oAk- CA I CAT TGC CAT TCC CTC TCC C 


3 ' 




15 


17 


5' 


^»-» 1 lu AIL. CCG ATG GTC GGC TCG G 


3 ' 


20 


1 


l8 


5 ' 


CTT GAA TAA Cfr* rr-x r'^r^r' xxm ^ 
i * ortft LCiC LjCA GTG AAT TTC G 


3 ' 




17 


19 


5' 


v^vi/^ 4^11 CCC CIC AGC GTC GTA AAT C 


3 ' 




18 


20 


5' 


GCG CCG GCC CGC GCG GAT GAC TCC G 


3 ' 




19 


21 


5' 


CAT GGA CCC GGG CGA GCT GCA GAT G 


3' 




20 


22 


5' 


TAA CTG GCT TGG CGC TGA TCC TGG T 


3' 


25 


21 


23 


. 5' 


ACC GCA GAC GGC ACG ATT GAG ACA A 


3 ' 




22 


2^ 


5' 


AGC ATC GCT GAT GCG GTC CAG CTC G 


3 ' 




23 


25 


5' 


CCG CCT GCT GGG TGA GAC GTG CTC G 


3' 




2^ 


26 


5' 


GAT CAG CGA CCA CCG CAC CCT GTC A 


3' 




25 


27 


5' 


CTT CAG CAC CAC CAT CAT CCG GCG C 


3' 


30 


26 


28 


5' 


GGA TTC GTG ATC TCT TCC CGC GGA T 


3 ' 
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TGC CCC GGC GTT TAG CGA TCA CAA C 3' 
AAA TAG AGO CTC CAC GAG ACG ACC A 3' 
GGT TGC CCC GCG CCC TTT TCC AGC C 3' 
TCA GAG AGG TTC GCG TCG ATC AAG T 3 ' 
GAC CAA ATA GGT ATC GGC GTG TTC A 3 ' 
CGC GAA CTC GTC CAC AGT CCC CCT T 3 ' 
CGT GGA TGG CGG ATG CGT TGT GCG C 3' 
GAC GAT GGC GAG TAA ATC GGC GTG G 3' 
CGC CAT CTG TGC CTC ATA GAG GTC C 3' 
GGA GCT TTC CGG GTT CTA TCA GGT A 3' 
ATG GTG GGA CAT GGA CGA GCG CGA C 3' 
CGC AGA ATC GCA CCG GGT GCG GGA G 3' 
ATA TCG CCC GCG ACA CCA GAG CCA C 3' 
GGC CGA TGA CAG CTA TGT CCG AGT G 3 ' 
TTC GCG CGG TGT TTC GGC CGT GCC C 3 ' 
TTG ACC TCG CCA GGA GAG AAG ATC A 3 ' 
TCG ATG TCG ATG TCC CAA TCG TCG A 3' 
GAC ATG ACG GCG GTG CCG CAC TTG A 3' 
AAG TCA CCT CGC CCA CAC CGT CGA A 3' 
TCC GTA CGC TCG AAA CGC TTC CAA C 3 ' 
CGA AAT CCA GCA CCA CAT CCG CAG C 3' 
CCG AGA GGG GAC GGA AAC 3 ' 
GGT TTT GGG TCT GAC GAC 3' 

25 All oligonucleotide sequences are derived from sequences of the DR region 
in strain /f, tul^e rcu las i s H37^^, --cept for oligonucleotides which are 
printed in bold. Latter ones are derived froo the tovis BCG sequence 
(15). The 5* termini of the spacer oligonucleotides were linked to an 
amino-group in order to enable a covalent binding to the Biodyne C 
Membranes. All oligonucleotides were obtained from Applied Biosystems 
Incorporated. Perkin Elmer B.V.. Gouda. The Netherlands. 
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CLAIMS 

U A method of in vitro amplification of nucleic acid using 
amplification primers in a manner known per se, in amplification 
5 reactions such as PGR, LCR or NASBA. wherein a pair of primers is used 
comprising oligonucleotide sequences sufficiently complementary to a part 
of the direct repeat sequence of a microorganism belonging to the M 
tuberculosis complex of microorganisms for hybridisation to a Direct 
Repeat to occur and subsequently elongation of the hybridised primer to 
10 take place, said primers being such that elongation in the amplification 
reaction occurs for one primer in the 5* direction and for the other 
primer in the 3* direction. 

2. A method according to claim 1, wherein said- primers have 
oligonucleotide sequences complementary to non overlapping parts of the 

15 direct repeat sequence and such that the elongation reactions from each 
primer can occur without hindrance of the other when both primers 
hybridise to the same direct repeat and undergo elongation. 

3. A method according to any of the preceding claims, wherein 
one primer DRa is capable of elongation in the 5* direction and the other 

20 primer DRb is capable of elongation in the 3' direction and DRa is 
complementary to a sequence of the Direct Repeat located to the 5' side 
of the sequence of the Direct Repeat to which DRb is complementary. 

4. A method according to any of the preceding claims, wherein 
the microorganism is M tuberculosis, M bovis or M africanum, 

25 5- A method according to any of the preceding claims whGr|pin 

the primer has an oligonucleotide sequence capable of hybridising to the 
consensus sequence (Sequence id. No. 2 and figure 1) of the Direct Repeat 
in a manner sufficient for amplification to occur under the circumstances 
of the particular amplification reaction. 

30 6. A method according to any of the preceding claims, wherein 

the primer pair DRa with sequence id, no. 50 and DRb with sequence id. 
no. 51 is used. 

7. A method of detection of a microorganism belonging to the M 
tuberculosis complex of microorganisms comprising 

35 1) amplifying nucleic acid from a sample with the method according to 
any of the preceding claims, followed by 

2) carrying out a hybridisation test in a manner known per se, wherein 
the amplification product is hybridised to an oligonucleotide probe or a 
plurality of different oligonucleotide probes, each oligonucleotide being 
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sufficiently homologous to a part of a spacer of the Direct Region of a 
microorganism belonging to the M tuberculosis complex for hybridisation 
to occur to amplified product if such spacer nucleic acid was present in 
the sample prior to amplification, said hybridisation step optionally 
being carried out without prior electrophoresis or separation of the 
amplified product. 

3) detecting any hybridised products in a manner known per se; 

8. A method according to claim 7, wherein the hybridisation 
test is carried out using a number of oligonucleotide probes, said number 
comprising at least a number of oligonucleotides probes specific for the 
total spectrum of microorganisms it is desired to detect. 

9. A method according to claim 7 or 8. wherein the 
microorganism belongs to one of the following groups M tuberculosis. M 
bovis and M africanum. 

^5 method according to any of claims 7-9. wherein the 

oligonucleotide probe is at least seven oligonucleotides long and is a 
sequence complementary to a sequence selected from any of the spacer 
sequences I-I3 of M tuberculosis H37Rv and the spacer sequences l-HS of M 
bovis BCG or is a sequence complementary to fragments or derivatives of 

20 said spacer sequences, said oligonucleotide probe being capable of 
hybridising to such a spacer sequence and comprising at least seven 
consecutive nucleotides homologous to such a spacer sequence and/or 
exhibiting at least 60% homology, preferably exhibiting at least &0% 
homology with such a spacer sequence such as any of Sequences id. no. 3- 
25 139. 

11. A method according' to any of the preceding claims, wherein 
the oligonucleotide probe is at least 7 oligonucleotides long and is a 
sequence complementary to a sequence selected from any of common spacer 
sequences of M tuberculosis H37Rv and M bovis BCG. i.e. spacer sequences 
20-32 or sequence id. no. 22-34 or is a sequence complementary to 
fragments or derivatives of said spacer sequences, said oligonucleotide 
probe being capable of hybridising to such a spacer sequence and 
comprising at least seven consecutive nucleotides homologous to such a 
spacer sequence and/or exhibiting at least 60% homology, preferably 
exhibiting at least 80% homology with such a spacer sequence. 

12. A method for differentiating the type of microorganism 
belonging to the M. tuberculosis complex in a sample, comprising carrying 
out the method according to any of claims 7-II. followed by comparison of 
the hybridisation pattern obtained with a reference. 
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13- A method for differentiating the type of microorganism 
belonging to the M. tuberculosis complex in a sample according to claim 
12 wherein the reference is the hybridisation pattern obtained with one 
or more known strains of microorganism belonging to the M tuberculosis 
5 complex of microorganisms in emalogous manner, 

14 . A method for differentiating the type of microorganism 
belonging to the M. tuberculosis complex in a sample according to claim 
12 wherein the reference is a source providing a list of spacer sequences 
and sources thereof, such as a data bank. 

15. Oligonucleotide probe of at least 7 nucleotides, preferably 
more than 12 nucleotides, in particular comprising between 12 to 
nucleotides, said probe being sufficiently homologous to any of the 
following spacer sequences (sequence id no. 1-23 and 4^1-49 of M bovis BCG 
and sequence id no. 3-21 and 35-U3 of M tuberculosis H37Rv or to 

15 fragments or derivatives of such spacer sequences to hybridise to such a 
spacer sequence, said oligonucleotide probe comprising at least seven 
consecutive nucleotides homologous to such a spacer sequence and/or 
exhibiting at least 60% homology, preferably exhibiting at least 80% 
homology, most preferably exhibiting more than S0% homology with the 

20 corresponding part of the spacer sequence, such as any of Sequences id. 
no, 3-21 and 35-^3. 

16. Carrier comprising at least 1 oligonucleotide probe 
specific for a spacer region of a microorganism of the group belonging to 
M tuberculosis complex. 

25| 17- Carrier according to claim I6, comprising an 

" oligonucleotide probe according to claim I5. 

18. A pair of primers wherein both primers comprise 
oligonucleotide sequences of at least 7 oligonucleotides and are 
sufficiently complementary to a part of the Direct Repeat sequence of a 

30 microorganism belonging to the M tuberculosis complex of microorganisms 
for hybridisation to occur and subsequently elongation of the hybridised 
primer to take place, said primers being such that elongation in the 
amplification reaction occurs for one primer in the 5' direction and for 
the other primer in the 3* direction and wherein sufficiently 

35 complementary means said oligonucleotide sequence comprises at least 
seven consecutive nucleotides homologous to such a Direct Repeat sequence 
in particular the consensus sequence (Sequence id. no. 2) and/or exhibits 
at least 60% homology, preferably at least 80% homology, most preferably 
more than 30% homology with the corresponding part of the Direct Repeat 
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sequence . 

19. Primer pair according to claim I8, comprising one primer 
DRa capable of elongation in the 5* direction and the other primer DRb 
capable of elongation in the 3* direction with DRa being complementary to 

5 a sequence of the Direct Repeat located to the 5' side of the sequence of 
the Direct Repeat to which DRb is complementary, the Direct Repeat being 
present in the Direct Region of a microorganism belonging to the group of 
M tuberculosis complex, 

20. Primer pair according to claim I8 or 19, being DRa with 
10 sequence id. no. 50 and DRb with sequence id. no. 51 

21. Kit for carrying out a method according to any of claims 1- 
m . comprising a 

primer pair according to any of claims 18-20 and optionally 
an oligonucleotide probe according to claim 15 or a carrier according to 
15 claim 16 or 17 . 
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f i g 

acgcgtatatcggtttcctacaccaggattcacgagggcacgcaacgttggcgagcgacctcatggaggtatggcg:- 

gcgccgatcatcgatgacaccgtacttcgattgatcgcggacggtgtggtcgacacccgggctttcagcaagaactc 

cgacacgggggccgtcttcgcgacacgggaagccacacgatccatcgcgcgcgccttttgtaatcgaatggcacgaa 

ccgccacctacatcaaaggcgatccttaccgatacacttttcagtacgccctcgacttgcaactgcaaagctcgtgc 

gtgttattcgaagccggggaacccgtcgnggtcgtcgatatcagctccgagccatccggagcctaaatgcccactcg 

cagccgtgaggagtacttcaatctcccgctcaaagtggacgagtccagcggcactataggcaagatgttcgtcctcg 

taatatacgacatcagcgacaaccggcggcgggcttcacmcgaagatcctggccgggtttggctatcgcgtccaag 

agtccgcattcgaagcgatgctgacgaagggccagctcgcgaaactagtigcacgtatcgaccgcttcgccatcgac 

tgcgacaacatccggatctataagataagaggtgttgcggcagttacgttctacggaaggggacggcttgtcagcgc 

agaggagtttgtgttcttttgacatcatcagcaggcattgttaccacacgctggacgaattgtccataga 

gtcgtcagacccaamcccggagaggggacggaaac ttaaaaccgtgttgtactgcaacxcggmr^^ 

gtcgtcagacccaaaaccccgagaggggacggaaac catagagggtcgccggtictggatcacgctcccct^^ 

gtcgtcagacccaaaaccccgagaggggacggaaac tttttgcctcataattgggcgacagc^^ 

gtcgtcagacccaaaaccccgagaggggacggaaac tcgcaagcgccgtgctoccagtgatcgcg^^ 

gtcgtcogacccaaaaccccgagaggggacggaaac aacacctcagtagcacxrrcatacgca^ccaat^^ 

gtcgtcagacccaaaagcccgagaggggacggaaacr mctgaccacttgt^ 

GTCGTCAGACCCAAAAGCCCGAGAGGGGACGGAAAC ACCAATGCXSTCGTCAITI^CGGCT^^ 

GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC CTGAGGAGAGCGAGTACimKy^^ 

GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC GCGTGAAACaKrCCCAGCOT^^ 

GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC ACrrCGGAATCCCATGTGCTGAa 

gTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC CGGGCAGCGTTCGACACCCXCTCT 

gTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC CAGGTGAGCAACGGCGGCGG<AACCTGGCGGCC 

GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC ATGGGATATCTGCTGCCCGCCCGGGGAGATC 

GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAACT TCGTCGACCATCATTCCCATTCC^ 

GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC TTGGr,rCAACCCTrrCGGTGTGATGCGGATG^ 
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GTCgTCAGACCCAAAACCCCGAGAGGGGACGGA.\AC CTTGAATAACGCG€^ 

TCAGACCCAAAJ^CCCCGAGAGGGGACGGAAAC ATTCGCACrJ^GTrPCCCGTC^GCGTCGTAAATCGCC 
GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC CCGGCAACAATCGCGCCGGGCCCCGCr^^ATGAGTCC^^ 
gTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC CGCATGGACCCGGGCGAGCTGCAGATGGTCCGGGAG 
GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC TGGATTGCGCTAAiriV^GCI^ 
GTCgrCAGACCCAAAACCCCGAGAGGGGACGG^g TTGGAGCGTGTCACCGCAGACGGCACXlATTGAGACAA 
GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC CCTCAGCTCAGCATCGCTr^ATC^f^^TCCA 
GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC CCAACCTGACCr^CTGCTCy^TCAG 

TGhACCCCCCCG 1S6110 GACTCACCGGGGCGGTTCA 

381 6 CCCCGAGAGGGGACGGA MCTCGGGGAGCCGATCAGCGACCACCGCACCCTGTCA 
GTCGTKAGACCCAAAA.CCCCGAGAGGGGACGGAAAC CTirACCA(^CACCATCATCCG^ 
GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAJ^C CGTTCGACGCCGGATTCGTTATCTCT 
GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC TGCCCCGGCGTTTACCGATCACAACACGA^ 
qTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC GAGCGAAATACAGGCTCCACGACAGGACCAGAACGC 
GTCGTCAGAGCCAAAJ^CCCCGAGAGGGGAGGGAAAG TCTTGACGATncr,nrTX:crGGr^r^ 
GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC AGGTT-GCGTCAGACAr^TTCr^TO^ATrAA^ 
GTCGTCAGACGCAAAACCCCGAGAGGGGACGGAAAG TTTATCA-T CCCGACCAAATAi^TATfXy^^^ 
GTCGTCAGACGCAAAACGCC GAGAGGGGACGGAAAGATTrrGAGGGrGAACTC[7rrrJ.gAnTr^ 
GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAG GCCCCGTGGATGGCGGATGrGriCTr^r:^ 
GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC CCGACGATGCCCAGTAAATCGGCGTT^^ 
GTCGTCAGACGCAAAACCCCGAGAGGGGAGGGAAAGT AGTACGCGATCTGTGCCT^TAC^^ 
GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC CTGACGGGACGGAGGTITCCGGCTTCTA'^ 
GTGGTCAGACCCAAAACCCCGAGAGGGGAGGGAAAC CCTCATGGTGGGACATGGACGAGCGCGAGTATCGGG 
GTgGTCGGACGCAAAACCCCGAGAGGG_gACGGAAJ\C TGGACGCAGAATCGCACCr^>^^ 
GTCGTCAGACCCAAAACCCCGAGAGGG ( ?ACGGAAAG GCATATCGCCCC^CACACrJkCAGCCACC;r^ 
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f" i g -3-3 

qtcctcagacccaaaaccccgagaggggacggamc acaccgccgatgacagctatgtccgagtgac 

gtcgtcagacccaaaaccacgagaggggacggaaac ttgaaccgcccotcgcgcggtgtttcggc 

gtcgtcagacccaaaaccccgagaggggacggAXac 

tacgacgactgggtcgccaccgcgtctgtcgacctngcattcaggatgancatgatggcggcgttgacggtgaggac 
gtttggtcatgaaatgnncmcgccgggagatgtccggcggggtcggtggtgttcggggtgtcggtgtggtgttcagt 
ctgccgtgacttcggcgatggcggtgcggntggtggattcgtcgacgatggccttntcggcggcgaaggcggcgacg 
agggcttncagggcgaggttgttgaccgcgcgggggtagccccgnctggtctggtggatcaacccgatggcgtcgtc 
ggagaacagggcatcgtcgngtccggctancttnaggttgttgcgtaggtagcttcc 
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